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The present invention relates to design and implementation of 
low complexity adaptive echo and NEXT cancellers in multi 
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computational cost of the Weight update part in adaptive echo 

(73) Asslgnee: Leanics Corporation and NEXT cancellers. Based on the proposed scheme, the 
_ hardWare complexity of the Weight update part can be further 

(21) Appl' NO" 12/806’539 reduced by applying the Word-length reduction technique. 
(22) Filed Aug 16 2010 The proposed scheme is general and suitable for real appli 

. . , cations such as design of a low complexity transceiver in 
. . IOGBase-T. Different With prior Work, this invention consid 

Related U's'Apphcatlon Data ers the complexity reduction in Weight update part of the 
(60) Provisional application No, 61/274,902, ?led on Aug, adaptive ?lters such that the overall complexity of these adap 

24, 2009 tive cancellers can be signi?cantly reduced. 

v(n) W01) 
ill‘; _______ “1 g A ( > < ) 

x n l n hf n n e n 
- ( )i>w ( in: ( ) _ Echochannel _Wy = 

l I A 
| g A 

L _ _ _ _ d _ . _ _ _ _ _ - _. _ Echo Caaeeller 

l 

LMS — 



Patent Application Publication Feb. 24, 2011 Sheet 1 0f 12 US 2011/0044448 A1 

........ ' -—— 1 

1x101) TH Precoder Pu“? D/A 5 . Shapmg : 
i 3 Adjacent 3 Adjaceni Recciver ; 
: Transmit Signals Tentative Decisions U : 

U) : r i i i {I 14 
g | 3 NEXT Echo 3 NEXT E ‘a 

: canqeilers canceller cancellers : 
i ' : 
| " - a 

_|x1(n) Mod — ‘V ‘_ _ l i 
_w: QM) ‘- FFE \J~ A/D - VGA _ i 

L Pair 1 ; 

Fig. l 

PRIOR ART 



Patent Application Publication Feb. 24, 2011 Sheet 2 0f 12 US 2011/0044448 A1 

{- ____________ n} = EC ----- 

x01) 1 ~*’\ mod(2M) I an) > 
: iii : ' NCO --——> 
I “ | 

l 
| H(Z)‘l : ~ NCI -——> 
I l 
I | 
| TH recoder 1 
L _____ __l3 ______ __: V NC2 -——> 

Fig. 2 

PRIOR ART 



Patent Application Publication Feb. 24, 2011 Sheet 3 0f 12 US 2011/0044448 A1 

—> 

v01) 

x01.) i 
'W 

Equivalent form of 21 TH precoder 

Fig. 3 

PRIOR ART 



Patent Application Publication Feb. 24, 2011 Sheet 4 0f 12 US 2011/0044448 A1 

) 1w 6,: \JA ,/\_ ) ) n n ( ( 
) y Av, 

n 

(lvmw W V 

= 

r 

m m 

Fv 
m c S g m A8 m i M 

0 0 L 

m m 

E 7 7 : 

Casi: zzzzzzzzzz 2.2.2.1. ) n ( t 

iiiltli 



Patent Application Publication Feb. 24, 2011 Sheet 5 0f 12 US 2011/0044448 A1 

v(n) Wm) 
8 

d t n e n 
’ “HA3;- (n)=1/H(z) ‘7* Echo channel ‘#W M £ ) 

5? 
——————————"—--+ Echo Canceller ~ 1/H(z) A 

>201) 
T 

= LMS _ 

Fig. 5 



Patent Application Publication Feb. 24, 2011 Sheet 6 of 12 US 2011/0044448 A1 

V02) C w(n) 

A 5 ' g 1 
x01) 7W dm) 7 Echo channel =W l A .... 

5 8 A 

E W1) 
! ‘ Echo Canceiler 

i 1 
l 
a 

E = LMS = 
a 
s 

Fig. 6 



Patent Application Publication Feb. 24, 2011 Sheet 7 0f 12 US 2011/0044448 A1 

v(n) W01) 
8 

x62) >é d(n)>1/H(Z) “for Echo channel 7W ~59 

= Echo Canceiier V 1fH(z) A 

1 YO!) 

> LMS ‘ 

Fig. 7 



Patent Application Publication Feb. 24, 2011 Sheet 8 0f 12 US 2011/0044448 A1 

V(n) w(n) 
g 

x n) 401) I01) ,L Y0?) @(n) 
"39% Echo channel =W J} = 

”""' h 

g, . . . - - . . 1 - - - v > > n? v 

with iaput X (5,31) ‘9 

um) A __ Echo cancclier i """""""" ‘g 

7 with iaput v (g2) 

............. M 

LMS_1 11(1) 

LMS_2 H(z) 

V 

l 

Fig. 8 



Patent Application Publication Feb. 24, 2011 Sheet 9 0f 12 US 2011/0044448 A1 

v(n) 
8 

“WW Echo channel 

Echo cgnceller 
( g 2 ) 
n 

(2511) 

v(n) 
———> LMS_2 

Fig. 9 



Patent Application Publication Feb. 24, 2011 Sheet 10 0f 12 US 2011/0044448 A1 

.33 

i, 



Patent Application Publication Feb. 24, 2011 Sheet 11 0f 12 US 2011/0044448 A1 

Elisgtiitietiiiii!!!‘ELIE!‘iaiiellilililluilillnlltlllaiiiiiiiiiii _. l l l l l I l I I l I l l l I l I I I l l l l l l I l I l I l I l l l I | II; 

_ _ 11111111111 ll 
“CAM Em 807m 8% Em " E " 1% w 

_ . _ adv‘ * 

‘Two; a? - _ J1 :0 _. € 5 
(v a n v u 2 3 i i 3 i 3 3 i all! II‘. 

n w _. 3x; 

_ 4 z _ 

" Em Em 3m 3: E. E E. g m a a? Em a": 

_ * ~ + + _ 7 r _ u. 

n W1 1 H1 1m Nlm ?lm N..w “ Wm 

H w w wLmlmalmavmawm .mp 
S S I S {H YFH X H ,9. U. . 9 N 

_ Cu 7» TL 4 .S m m l m WM aim. G . .2... E n a? 1 1 1 is z I 1 u m 

:53? 2, = _ m 50mm 3M2; “swab Ewan human .Gu?? .EEHE ?l?vm " : 
m N w m N M _ 

u "1/ "\?-l. W V 

“ LuumR. fwkumz? Ck, " .Euaw 

_ ............ L 

_ OH. HEM 826 13$ o gm " f 



Patent Application Publication Feb. 24, 2011 Sheet 12 0f 12 US 2011/0044448 A1 

13.!‘iiiiiiairiliiivlviilalililrlili'll"'ulal'llll-l-ll‘llllil'" _. I I I I l 1 I t i I I I I i i I i i i i i I l I I I l l l l l I l I I I I ll.. 

_ _ ¥ i i i i i i i i l i I...‘ 

“ GE 8335 Ex 3% u g H H 

_ / / _ 2 . E“ _ 

.H Qzmv _ < u I. my . 

. ES 1 mmm “ | 31W Oi Win20 T“. rt“. 35K. 

"Ru-kw. 15%“ \C\/ . A n t u LQHM- I | l l | I | I II I; R. 

u < w g. E. _ a > 

n \r \= n A V 

I, _ a E 

n if. a} u m Ea m m 

_ . O O 

_ [m 1% IO v0 _ q 
_ a i q .1“ {u .m m m " IE "mm 

_ ?nk 1. a in l m l W W n I 3 

cl. 1.- I X 

n 25%.? a i, H a a a u 1 

_ _ : 

u v) " ...~ . n .1 “5* ii e u g 

g 

_ 

5Q Em 5% é; o .25 u 



US 2011/0044448 A1 

SYSTEM FOR LOW COMPLEXITY 
ADAPTIVE ECHO AND NEXT CANCELLERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 61/274,902, ?led on Aug. 24, 2009, 
the entire content of Which is incorporated herein by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to digital signal pro 
cessing and transmission in Wire-lined communication sys 
tems. More speci?cally, it relates to loW complexity designs 
of adaptive echo and near-end crosstalk (NEXT) cancellers in 
multi-channel DSP transceivers With Tomlinson-Harashima 
precoders. 

BACKGROUND OF THE INVENTION 

[0003] Many multi-channel Wire-line communication sys 
tems, such as DSL (digital subscribe line) systems and gigabit 
Ethernet systems suffer from echo and cross channel inter 
ferences, i.e., crosstalks. Generally, echo and NEXT cancel 
lers are used to mitigate the effect of echo and NEXT noise. 
The typical Way to implement those noise cancellers is to use 
?nite impulse response (FIR) ?lters in digital domain. This 
straightforward approach, hoWever, Will lead to a signi?cant 
hardWare complexity if the number of taps in the FIR ?lters is 
large. For example, in the typical 10GBase-T application, one 
echo canceller and three NEXT cancellers are used for each 
pair of cables. Since there are four pairs of cables (four 
channels) in 10GBASE-T, a total of four echo cancellers and 
tWelve NEXT cancellers are needed at the receiver end. To 
achieve high performance noise cancellation, each FIR based 
echo and NEXT canceller requires hundreds of taps, and then 
the total number of taps in these cancellers is around 
5600~6800. Furthermore, all these cancellers need to be 
adapted to accommodate channel variations. Implementing 
these adaptive cancellers Will consume large silicon area and 
poWer consumption. Therefore, e?icient implementation of 
these adaptive cancellers is very important for a successful 
DSP transceiver design. 
[0004] HoW to achieve a cost-effective design of adaptive 
echo and NEXT cancellers in multi-channel DSP transceivers 
is a challenging task. It is apparent in the industry that the FIR 
techniques used in 1000Base-T solutions, if implemented in a 
straightforWard Way, Would result in a complexity increase on 
the order of 45x over 1000Base-T. By using FFT transforma 
tion, approximate complexity saving can be 90%. HoWever, 
neW issues such as block processing latency, increased 
memory and increased precision, make it unsuitable for the 
multi-channel Wire-line data transmission systems such as 
10GBase-T. Because of the inherent time-varying and ran 
domness of the channel impulse responses, simple techniques 
to extend the length of the impulse response to be cancelled, 
such as continuous-time analog ?lters or in?nite impulse 
response (IIR) digital ?lters are not acceptable as ?exible 
solutions. The problem becomes even Worse When introduc 
ing Tomlinson-Harashima precoding (TH precoding) in 
10GBase-T as the inputs to echo and NEXT cancellers are no 
longer simple PAM-M symbols but numbers uniformly dis 
tributed on [—M, M). These make look-ahead and pre-com 
putation techniques dif?cult to apply (See, e.g., K. K. Parhi, 
“Pipelining of Parallel Multiplexer Loops and Decision Feed 
back Equalizers,” in Proceedings ofICASSP 2004, vol. 5, pp. 
21-24, May 2004). Furthermore, the Word-length of these 
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inputs needs to be long enough (i.e., 10-bit) to achieve 
required noise cancellation level. Thus, the implementation 
cost of these adaptive echo and NEXT cancellers increases 
signi?cantly. 
[0005] To solve these problems, a neW Word-length reduc 
tion scheme Was proposed in one of previous inventions (See, 
Keshab K. Parhi, and Yongru Gu, “System and method for 
loW-poWer echo and NEXT cancellers”, US. patent applica 
tion Ser. No. 11/487,041, ?led on Jul. 13, 2006), Where the 
hardWare cost of these echo and NEXT cancellers Was 
reduced by about 10.82% Without any performance loss. 
HoWever, the proposed Word-length reduction technique can 
not be easily applied to the Weight (coe?icient) adaptation 
part in the adaptive ?lters. Complexity analysis also shoWed 
that the hardWare co st saving Was mainly due to hardWare cost 
reduction of the ?lter part in these adaptive cancellers. There 
fore, the problem of reducing hardWare cost of the Weight 
update part in these adaptive cancellers remained unsolved. 
[0006] What is needed is a neW design methodology and an 
implementation method to deal With the Weight update part in 
these adaptive echo and NEXT cancellers so that the overall 
hardWare cost of implementing these cancellers can be fur 
ther reduced. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention proposes a neW complexity 
reduction scheme for the Weight update part in adaptive echo 
and NEXT cancellers, and also describes a high-speed imple 
mentation method for the proposed loW complexity adaptive 
echo and NEXT cancellers in a multi-channel data transmis 
sion system With TH precoding. 
[0008] In accordance With the present invention, the overall 
hardWare cost reduction in adaptive echo and NEXT cancel 
ler is achieved by incorporating both Word-length reduction 
scheme and the proposed Weight update scheme. First, the 
retiming technique is applied to obtain a ?ltered error LMS 
architecture (See, e.g., S. Shaffer and C. S. Williams, “The 
Filtered Error LMS Algorithm,” in Proceedings ofICASSP 
1983, vol. 8, pp. 41-44, April 1983), such that the inputs to 
both ?lter part and Weight update part can then be replaced by 
a ?nite signal, v(n). Applying the Word-length reduction 
scheme (See, e.g., J. Chen, Y. Gu and K. K. Parhi, “LoW 
Complexity ECHO And NEXT Cancellers for High-Speed 
Ethernet Transceivers”, in IEEE Trans. Circuits and Systems 
I: Regular Papers, 55(9), pp. 2827-2840, October 2008), the 
overall hardWare cost of these cancellers can be reduced. 
Moreover, an e?icient Weight-updating scheme is proposed 
by exploiting the property of the sum of tWo adaptive ?lters to 
further reduce the overall computational complexity. The pro 
posed scheme is general and can be applied to multiple-input 
multiple-output (MIMO) systems such that hardWare cost of 
both echo and NEXT cancellers can be reduced in a typical 
10GBase-T Ethernet system. 
[0009] Further embodiments, features, and advantages of 
the present invention, as Well as the structure and operation of 
the various embodiments of the present invention are 
described in detail beloW With reference to accompanying 
draWings. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0010] The present invention is described With reference to 
the accompanying ?gures. The accompanying ?gure, Which 
are incorporated herein, form part of the speci?cation, illus 
trate the present invention and, together With the description, 
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further serve to explain the principles of the invention and to 
enable a person skilled in the relevant art to make and use the 
invention. 
[0011] Table 1 lists the performance comparison for differ 
ent designs in terms of residual error signal poWer at the input 
to the FFE. 
[0012] Table 2 lists the hardware complexity comparison of 
the resulting adaptive echo and NEXT cancellers by applying 
different architectures. 
[0013] FIG. 1 illustrates the block diagram of a typical 
10GBase-T transceiver for one pair, Where one echo and three 
NEXT cancellers are needed for each of four channels (or 
four pairs). 
[0014] FIG. 2 illustrates the input signal to the echo and 
NEXT cancellers in traditional method. 
[0015] FIG. 3 illustrates the input signal to the echo and 
NEXT cancellers in proposed method. 
[0016] FIG. 4 illustrates an example of designing an adap 
tive echo canceller using the traditional method. 
[0017] FIG. 5 illustrates a prior proposed design of an adap 
tive echo canceller Without shoWing the far end transmitter 
part. 
[0018] FIG. 6 illustrates a modi?ed design of an adaptive 
echo canceller With input d(n). 
[0019] FIG. 7 illustrates the block diagram of a ?ltered 
error adaptive echo canceller. 
[0020] FIG. 8 illustrates the block diagram of an adaptive 
echo canceller With separate inputs. 
[0021] FIG. 9 illustrates the proposed adaptive echo can 
celler With cost-e?icient Weight updating schemes 
[0022] FIG. 10 shoWs different learning curves by applying 
the different input signals to the Weight update part in the 
adaptive echo canceller. 
[0023] FIG. 11 illustrates the block diagram of the trans 
ceiver architecture of one pair in a 10GBase-T Ethernet sys 
tem by applying the proposed Weight update scheme. 
[0024] FIG. 12 illustrates the block diagram of the trans 
ceiver architecture of one pair in a 10GBase-T Ethernet sys 
tem by incorporating the previous invention and the proposed 
Weight update scheme. 

DETAILED DESCRIPTION OF THE INVENTION 

Background on Adaptive Echo and NEXT Cancel 
lers in 10GBase-T 

[0025] Recently, TH precoding has been proposed to be 
used in 10GBase-T because it can eliminate error propagation 
and alloW use of capacity-achieving channel codes, such as 
loW-density parity-check (LDPC) codes, in a natural Way. 
HoWever, the use of TH precoding technology signi?cantly 
increases the complexity of adaptive echo and NEXT cancel 
lers in 10GBase-T. 
[0026] Consider the block diagram of a typical 10GBase-T 
transceiver for one pair in FIG. 1, Where one echo and three 
NEXT cancellers are needed for each of four channels (or 
four pairs). These cancellers are usually implemented using 
adaptive FIR ?lters. In a straightforward design, the input to 
these echo and NEXT cancellers comes from the output sig 
nal of the TH precoder associated With the same pair, i.e., the 
signal t(n) is used as the input to these cancellers, as shoWn in 
FIG. 2, Where EC denotes echo canceller and NC denotes 
NEXT canceller. The problem associated With the design in 
FIG. 2 is that the Wordlength of the signal, t(n), could be as 
long as 10 bits due to the use of TH precoding. While Without 
TH precoding, x(n), a PAM-16 (16-level pulse amplitude 
modulation) signal of length only 4 bits, is used as the input 
signal to these adaptive cancellers. Therefore, Word-length 
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increase due to the precoding in 10GBase-T signi?cantly 
increases the complexity of the multipliers in echo and NEXT 
cancellers. Since these adaptive cancellers are the largest 
blocks in the DSP transceiver, it is important to develop 
techniques to design echo and NEXT cancellers With loW 
complexity and loW poWer. 

Previous Invention on LoW Complexity Adaptive Echo and 
NEXT Cancellers in 10Gbase-T 

[0027] To reduce the complexity of echo and NEXT can 
cellers, a method based on Word-length reduction technique 
Was proposed in one of previous inventions (See, Keshab K. 
Parhi, and Yongru Gu, “System and method for loW-poWer 
echo and NEXT cancellers”, US. patent application Ser. No. 
11/487,041, ?led on Jul. 13, 2006). The proposed design Was 
derived from converting a TH precoder to its equivalent form 
Where the TH precoder could be vieWed as an in?nite impulse 
response (IIR) ?lter 

W 

With an input equal to the sum of the original input to the TH 
precoder x(n) and a ?nite-level compensation signal v(n). 
Instead of using the output of the TH precodert(n) as the input 
to the echo and NEXT cancellers, the sum signal x(n)+v(n) 
Was proposed to be the input to these cancellers, as shoWn in 
FIG. 3. Based on the fact that this sum signal has ?nite levels, 
it can be encoded to have feWer bits than the original input 
t(n). Hence, the overall complexity can be reduced by apply 
ing the Word-length reduction technique. By exploiting the 
statistical properties of the compensation signal v(n), further 
complexity reduction of these cancellers could be achieved. 
[0028] In real applications, echo and NEXT channels are 
sloWly-varying and adaptive ?lters are needed for noise can 
cellation. The prior Word-length reduction technique can also 
be applied to the design of these adaptive cancellers. In the 
folloWing, We only consider adaptive echo cancellers to illus 
trate the design methodology since the architecture of NEXT 
cancellers is similar to that of echo cancellers except that the 
inputs are replaced by the transmitted signals from the adja 
cent transmitters. 
[0029] FIG. 4 shoWs a traditional design of an adaptive 
echo canceller. As We can see, the adaptive echo canceller 
consists of tWo parts: one is the ?lter part and the other is the 
Weight update part. By using a recursive algorithm (e. g., 
least-mean square), the coe?icients of the echo canceller, g, 
can be updated to approach the echo channel g, until the error 
signal e(n) is minimiZed Then the echo cancellation is 
achieved by subtracting the output of the echo canceller y(n) 
from the received signal y(n) Which is corrupted by additive 
White noise W(n). 
[0030] Direct application of the idea shoWn in FIG. 3 to the 
design of adaptive echo canceller Would lead to an unaccept 
able performance degradation, as Well as sloW convergence 
speed. To solve these problems, a modi?ed architecture for 
adaptive echo canceller Was developed as shoWn in FIG. 5. In 
this ?gure, We see that an IIR ?lter, 

E’ 

With ?xed coe?icients is inserted into the echo cancellation 
path after the output of the echo canceller. By doing so, it can 
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be shown that this modi?ed design and the traditional design 
in FIG. 4 were mathematically equivalent. Thus, the perfor 
mance of the modi?ed design is the same as the traditional 
design. In addition, we note that the sum signal d(n) is used as 
the input to the ?lter part of the adaptive echo canceller 
instead of t(n). Thus, word-length reduction technique can be 
applied to reduce the hardware complexity of the ?lter part in 
the adaptive echo canceller. Since the inserted DR ?lter has 
less than 15 taps, the hardware overhead of the BR ?lter is 
negligible in practical applications. 
[0031] However, the main drawback in previous invention 
(See, Keshab K. Parhi, and Yongru Gu, “System and method 
for low-power echo and NEXT cancellers”, US. patent appli 
cation Ser. No. 11/487,041, ?led on Jul. 13, 2006) is that the 
hardware cost of the weight update part in the adaptive ?lter 
remains unchanged, which limits the overall hardware cost 
reduction. This is because the input to the weight update part 
is still t(n), which is uniform in [—M, M) such that the word 
length reduction technique can not be easily applied. Thus, a 
new method is needed to reduce the hardware complexity of 
the weight update part in the adaptive ?lter such that the 
overall hardware complexity can be further reduced. 

[0032] Proposed Low Complexity Adaptive Echo and 
NEXT Cancellers 

[0033] Consider the traditional architecture of adaptive 
echo canceller in FIG. 4. If we insert a short FIR ?lter H(Z) at 
the feed-forward cutset C denoted by dashed line in FIG. 4, 
we will obtain a design shown in FIG. 6. In this ?gure, the 
input to the adaptive echo canceller is changed to the sum 
signal d(n) rather than t(n); thus the word-length reduction 
technique can be applied to reduce the hardware complexity 
of the adaptive echo canceller. However, the design in FIG. 6 
is not practical in real applications because the signal trans 
mitted to the physical channel is also changed by inserting 
H(Z). 
[0034] FIG. 7 shows a proposed design by applying the 
retiming technique to the design in FIG. 6. From this ?gure, it 
is shown that the physical echo channel path remains the same 
as the traditional design in FIG. 4. In addition, the sum signal 
d(n) is used as the input to both ?lter part and weight update 
part of the adaptive echo canceller. Compared with the prior 
proposed design in FIG. 5, since the input to the weight 
update part of the adaptive ?lter is changed to d(n), the hard 
ware complexity of the weight update part in the adaptive 
echo canceller can be reduced by applying the word-length 
reduction technique. 
[0035] In order to minimiZe the mean square error, E[|e(n) 
l2] and also to track the time-varying channel environment, 
the LMS adaptive algorithm is applied to the proposed design. 
Since the update error signal e(n) is ?ltered before the weight 
update part, the resulting adaptive algorithm is usually 
referred as ?ltered error LMS algorithm (e.g., S. Shaffer and 
C. S. Williams, “The Filtered Error LMS Algorithm,” I CASSP 
83, vol. 8, pp. 41-44, April 1983), and it can be summariZed 
as: 

where g(n) denotes tap weights of the adaptive echo canceller 
at n-th interation, d(n) is the input vector at n-th iteration, h-l 
denotes the equivalent impulse response of the IIR ?lter 
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E’ 

h denotes impulse response of the FIR ?lter H(Z), p. is the step 
siZe, and * denotes convolution operation. 
[0036] Noting that d(n) is the sum of x(n) and v(n), we can 
write EQ.(l) as 

which means the echo canceller in FIG. 7 canbe implemented 
as the sum of two ?lters: one has the input x(n) and the other 
has the input v(n). In general, EQ.(4) can be rewritten as 

where g 1 (n) represents the weights of the ?lter with the input 
x(n), and g2(n) represents the weights of the ?lter with the 
input v(n). Then the error signal e(n) can be expressed as 

To minimise E[|e(n)|2], modi?ed weight update equations 
can be derived as: 

where [1.1 and [1.2 are step siZes for the corresponding adaptive 
?lters. 
[0037] From EQ.(7) and EQ.(8), it is seen that the sum of 
the two adaptive ?lters can be adapted separately with their 
own input signals. Based on this observation, we can obtain 
an architecture of the adaptive echo canceller as shown in 
FIG. 8. In this ?gure, it is seen that the adaptive echo canceller 
is implemented in two separate parts with the corresponding 
input x(n) and v(n), respectively. The correct output of the 
echo canceller can be obtained by adding outputs of these two 
separate ?lters. The coef?cients of two ?lters g l(n) and g2(n) 
can be updated individually using EQ.(7) and EQ.(8). 
[0038] However, it is not ef?cient to update both gl(n) and 
g2(n) every iteration. By observing the optimal coef?cients 
g 10*” and Q20!” after convergence, it is found that both of them 
will converge to the same optimal value, i.e., gIOPtIgZOPt. This 
implies that only one of the equations in EQ.(7) and EQ.(8) is 
needed for weight updating. Based on this fact, we can use 
either x(n) or v(n) as the input to the weight update part in 
adaptive ?lter, and then use the updated coef?cients in both 
?lters for ?ltering operation. The advantage is that the hard 
ware complexity of the weight update part can be further 
reduced because x(n) or v(n) can be encoded to have fewer 
bits than the sum signal d(n). 
[0039] By exploiting the property of the compensation sig 
nal v(n), it is found that it could be encoded to have fewer bits 
than x(n). If v(n) is used as the input to the weight update part, 
the hardware complexity can be reduced more. On the other 
hand, we note that v(n) dominates the eigenvalue spread of 
the sum signal d(n). It is better to use v(n) instead of x(n) to 
avoid the performance degradation. Thus, we propose to use 
v(n) as the input to the weight update the part in the adaptive 
echo canceller as shown in FIG. 9. In this ?gure, every itera 
tion the coef?cients are updated according to EQ.(8) with the 
input v(n), and then the updated coef?cients are used in the 
?lter part with the input d(n). Compared with the design in 
FIG. 5, the hardware complexity of weight update part can be 
further reduced. 
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[0040] Experimental results are provided to illustrate the 
performance of the proposed Weight-updating scheme. In 
FIG. 9, x(n) is assumed to be a PAM-16 signal, and W(n) is 
assumed to be Gaussian White noise With Zero mean and 
variance 0:00003. For simplicity, the echo channel is assumed 
to be a 5-tap FIR ?lter With randomly generated coe?icients. 
In addition, the coe?icients of the TH precoder corresponding 
to the short cable are used as the coef?cients of H(Z). FIG. 10 
shoWs different learning curves by applying the different 
input signals to the Weight update part in the adaptive echo 
canceller. In order to give a fair comparison, a ?xed step siZe 
u:5e—5 is used for all three cases. From the ?gure, it is seen 
that the convergence speed of the proposed Weight update 
scheme With input v(n) is similar as the design With input 
d(n). By observing the mean square error (MSE) during the 
steady state, it is found that the performance difference is 
negligible. HoWever, if using x(n) as the input to the Weight 
update part in FIG. 9, We see that the convergence speed is 
sloW. This is because the input statistical distribution is 
greatly changed by replacing d(n) using x(n) in the Weight 
update part. 

Application in a Typical 10Gbase-T System 

[0041] It is mentioned that the proposed method is general 
and can be applied to adaptive NEXT cancellers as Well in the 
application of 10GBase-T. FIG. 11 provides a design example 
of applying the proposed method to a typical 10GBase-T 
system With TH precoding. It should be noted that the design 
architecture provided here is one implementation of the pro 
posed adaptive echo and NEXT cancellers in a typical 
10GBase-T system using TH precoders. Other embodiments 
not shoWn here can be derived by a person skilled in the 
relevant art by using the main ideas of this invention. 
[0042] Next, ?xed point simulation results are presented to 
evaluate the system performance in terms of the residual error 
signal poWer by applying the proposed scheme. In addition, 
the hardWare complexity analysis is presented to demonstrate 
the complexity reduction of the proposed adaptive echo and 
NEXT cancellers in a typical 10GBase-T system. 
[0043] The simulation is performed under Cat-6 
unshielded tWisted-pair (UTP) channel environment. The 
measured data of channel models With different lengths can 
be obtained from the IEEE 802.3an Website. A PAM-2 signal 
is used as the training symbol While data symbol is assumed 
to be PAM-16. In addition, the transmit poWer is assumed to 
be 5 dBm, AWGN poWer is assumed to be —150 dBm. It is also 
assumed that the number of taps in each echo canceller is 500, 
the number of taps in each NEXT canceller is 300, the number 
of taps in each TH precoder is 13, and the number of taps in 
each feed-forWard equalizer (FFE) is 64. 
[0044] Table 1 shoWs the performance comparison in terms 
of residual error signal poWer at the input to the FFE. In the 
simulation, We evaluate the proposed design over Cat-6 mea 
sured channel models With different lengths: 100 m, 75 m, 
and 55 m respectively. As We can see from this table, the 
proposed design has around 1.5 dB performance penalty 
compared With the traditional design and proposed design in 
previous invention (See, Keshab K. Parhi, and Yongru Gu, 
“System and method for loW-poWer echo and NEXT cancel 
lers”, US. patent application Ser. No. 11/487,041, ?led on 
Jul. 13,2006). 
[0045] To evaluate the hardWare cost of the proposed 
design, We use XOR2 (Cxor), 1-bit D ?ip-?op (Greg), and 
basic 2-input gates (Cgm) such as NAND2, NOR2, to repre 
sent the total cost of the adaptive echo and NEXT cancellers, 
Where C C and C are technology dependent con xo r5 reg’ gate 
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stants. For example, a one-bit fulladder can be represented as 
Cfa:2><Cx0,+3><Cgate. Furthermore, We assume Cgatfl, 
Cx0r:1.75, and C,eg:5.5. 
[0046] Table 2 shoWs the hardWare complexity comparison 
of the resulting adaptive echo and NEXT cancellers by apply 
ing different architectures. From this table, it is seers that the 
proposed architecture can save the hardWare cost of total 
adaptive cancellers about 42.02%, While the previous inven 
tion (See, Keshab K. Parhi, and Yongru Gu, “System and 
method for loW-poWer echo and NEXT cancellers”, US. 
patent application Ser. No. 11/487,041, ?led on Jul. 13, 2006) 
can only save about 10.08%. The further cost reduction is 
mainly due to the ef?cient Weight-updating scheme such that 
Word-length of the input signal to the Weight update part can 
be signi?cantly reduced. As We can see from the table, the 
hardWare cost of the Weight update part in both echo and 
NEXT cancellers has been greatly reduced in the proposed 
architecture. 

CONCLUSIONS 

[0047] A neW method to further reduce the hardWare cost of 
adaptive echo and NEXT cancellers is presented, and the 
proposed method can be used to design a loW complexity 
transceiver in high-speed multi-channel Wireline communi 
cation systems With TH precoders, such as 10GBase-T. It is 
shoWn that the proposed method can reduce the hardWare co st 
by about 42.02% only With about 1.5 dB performance pen 
alty, compared With the traditional design. 
[0048] It Will be understood by those skilled in the art that 
various changes in form and details can be made therein 
Without departing from the spirit and scope of the invention as 
de?ned in the appended claims. Thus, the breadth and scope 
of the present invention should not be limited by any of the 
above-described exemplary embodiments, but should be 
de?ned only in accordance With the folloWing claims and 
their equivalents. 

TABLE 1 

Residual noise level 
at the input to the FFE (dB) 

Measured Traditional Design in 
Cat-6 UTP Design Previous Invention Proposed Design 

Cable FIG. 1 FIG. 5 FIG. 11 

100m —63.25 —63.28 —61.71 
75 In —63.28 —63.36 —62.16 
55 In —63.27 —63.27 —62.17 

TABLE 2 

Traditional Design in 
Design Previous Invention Proposed Design 
FIG. 1 FIG. 5 FIG. 11 

Echo canceller 560354 3202685 3202685 
(?lter part) 
Echo canceller 545000 545000 145250 
(update part) 
NEXT canceller 1008644 5763875 5763 87.5 

(?lter part) 
NEXT canceller 981000 981000 261450 
(update part) 
Overhead 0 3373395 4912695 

Cost for one pair 3094998 27599955 17946255 
Total cost (x4) 12379992 11039982 7178502 
Saving -/- 10.82% 42.02% 
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What is claimed is: 
1. A communications transceiver comprising: 
i. N transmitters, Where N is a positive integer, each con 

taining a precoder; 
ii. N receivers, each comprising: 

(a) an FIR ?lter used as echo canceler, each ?lter coupled 
to a sum of the input signal and the compensation 
signal of the precoder of the corresponding transmit 
ter; 

(b) a LMS Weight update ?lter, coupled to the compen 
sation signal of the precoder of the corresponding 
transmitter, is used to update the Weights of the cor 
responding echo canceler; 

(c) an IIR ?lter 

11(1)’ 

Where H(z) represents the transfer function of the 
precoder Without the modulo device, coupled to the 
output of each echo canceler; 

(d) subtracting the output of the IIR ?lter 

to generate an error signal; 
(e) ?ltering the error signal by an FIR ?lter H(z), and 

using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the echo canceler; 

(f) a decoder to equalize and decode the symbol using a 
modulo device. 

2. A communications transceiver comprising: 
i. N transmitters, Where N is a positive integer, each con 

taining a precoder; 
ii. N receivers, each comprising: 

(a) a plurality of FIR ?lters used as NEXT cancelers, 
each ?lter coupled to a sum of the input signal and the 
compensation signal of the precoder of the corre 
sponding near-end transmitter; 

(b) a plurality of LMS Weight update ?lters used to 
update the Weights of the corresponding NEXT can 
celers, each coupled to the compensation signal of the 
precoder of the corresponding near-end transmitter; 

(c) an IIR ?lter 

E’ 

where (H)(z) represents the transfer function of cor 
responding near-end transmitter’s precoder Without 
the modulo device, coupled to the output of each 
NEXT canceler; 

(d) subtracting the output of the IIR ?lter to generate an 
error signal; 

(e) ?ltering the error signal by an FIR ?lter H(z), and 
using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the NEXT can 
celer; 

(f) a decoder to equalize and decode the symbol using a 
modulo device. 

3. A communications transceiver comprising: 
i. N transmitters, Where N is a positive integer, each con 

taining a precoder; 
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ii. N receivers, each comprising: 
(a) an FIR ?lter used as echo canceler, each ?lter coupled 

to a sum of the input signal and the compensation 
signal of the precoder of the corresponding transmit 
ter; 

(b) a LMS Weight update ?lter, coupled to the compen 
sation signal of the precoder of the corresponding 
transmitter, is used to update the Weights of the cor 
responding echo canceler; 

(c) an IIR ?lter 

E’ 

Where H(z) represents the transfer function of the 
precoder Without the modulo device, coupled to the 
output of each echo canceler; 

(d) subtracting the output of the IIR ?lter 

W 

to generate an error signal; 
(e) ?ltering the error signal by an FIR ?lter H(z), and 

using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the Echo can 
celer; 

(f) a plurality of FIR ?lters used as NEXT cancelers, 
each ?lter coupled to a sum of the input signal and the 
compensation signal of the precoder of the corre 
sponding near-end transmitter; 

(g) a plurality of LMS Weight update ?lters used to 
update the Weights of the corresponding NEXT can 
celers, each coupled to the compensation signal of the 
precoder of the corresponding near-end transmitter; 

(h) an IIR ?lter 

1 

HAZ)’ 

Where Hl.(z) represents the transfer function of the i-th 
near-end transmitter’s precoder Without the modulo 
device, coupled to the output of each NEXT canceler; 

(i) subtracting the output of the BR ?lter to generate an 
error signal; 

(j) ?ltering the error signal by an FIR ?lter H(z), and 
using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the i-th NEXT 
canceler; 

(k) a decoder to equalize and decode the symbol using a 
modulo device. 

4. The transceiver in claim 1, Where each Echo canceler is 
implemented using tWo Echo cancelers, one canceler coupled 
to an input signal, and another coupled to a compensation 
signal, and then taking the sum of the outputs of these tWo 
cancelers, and Where each of the tWo cancelers is updated 
using the same Weight update ?lter 

5. The transceiver in claim 2, Where each NEXT canceler is 
implemented using tWo NEXT cancelers, one canceler 
coupled to a near-end input signal, and another coupled to a 
near-end compensation signal, and then taking the sum of the 
outputs of these tWo cancelers, and Where each of the tWo 
cancelers is updated using the same Weight update ?lter 
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6. The transceiver in claim 3, Where each Echo canceler is 
implemented using tWo Echo cancelers, one canceler coupled 
to an input signal, and another coupled to a compensation 
signal, and then taking the sum of the outputs of these tWo 
cancelers, and Where each of the tWo cancelers is updated 
using the same Weight update ?lter for Echo cancellation; and 
Where each NEXT canceler is implemented using tWo NEXT 
cancelers, one canceler coupled to a near-end input signal, 
and another coupled to a near-end compensation signal, and 
then taking the sum of the outputs of these tWo cancelers, and 
Where each of the tWo cancelers is updated using the same 
Weight update ?lter for NEXT cancellation. 

7. The transceiver in claim 1 Where the precoder is a Tom 
linson-Harashima precoder 

8. The transceiver in claim 2 Where the precoder is a Tom 
linson-Harashima precoder 

9. The transceiver in claim 3 Where the precoder is a Tom 
linson-Harashima precoder 

10. The transceiver in claim 1 is used in high-speed Ether 
net over multi-pair copper 

11. The transceiver in claim 2 is used in high-speed Ether 
net over multi-pair copper 

12. The transceiver in claim 3, is used in high-speed Eth 
ernet over multi-pair copper 

13. An integrated circuit implementing a communications 
transceiver comprising: 

i. N transmitters, Where N is a positive integer, each con 
taining a precoder; 

ii. N receivers, each comprising: 
(a) an FIR ?lter used as echo canceler, each ?lter coupled 

to a sum of the input signal and the compensation 
signal of the precoder of the corresponding transmit 
ter; 

(b) a LMS Weight update ?lter, coupled to the compen 
sation signal of the precoder of the corresponding 
transmitter, is used to update the Weights of the cor 
responding echo canceler; 

(c) an IIR ?lter 

E’ 

Where H (Z) represents the transfer function of the 
precoder Without the modulo device, coupled to the 
output of each echo canceler; 

(d) subtracting the output of the IIR ?lter 

to generate an error signal; 
(e) ?ltering the error signal by an FIR ?lter H(Z), and 

using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the echo canceler; 

(f) a decoder to equalize and decode the symbol using a 
modulo device. 

14. An integrated circuit implementing a communications 
transceiver comprising: 

i. N transmitters, Where N is a positive integer, each con 
taining a precoder; 

ii. N receivers, each comprising: 
(a) a plurality of FIR ?lters used as NEXT cancelers, 

each ?lter coupled to a sum of the input signal and the 
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compensation signal of the precoder of the corre 
sponding near-end transmitter; 

(b) a plurality of LMS Weight update ?lters used to 
update the Weights of the corresponding NEXT can 
celers, each coupled to the compensation signal of the 
precoder of the corresponding near-end transmitter; 

(c) An IIR ?lter 

11(1)’ 

Where H(Z) represents the transfer function of corre 
sponding near-end transmitter’s precoder Without the 
modulo device, coupled to the output of each NEXT 
canceler; 

(d) subtracting the output of the BR ?lter to generate an 
error signal; 

(e) ?ltering the error signal by an FIR ?lter H(Z), and 
using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the NEXT can 
celer; 

(f) a decoder to equalize and decode the symbol using a 
modulo device. 

15. An integrated circuit implementing a communications 
transceiver comprising: 

i. N transmitters, Where N is a positive integer, each con 
taining a precoder; 

ii. N receivers, each comprising: 
(a) an FIR ?lter used as echo canceler, each ?lter coupled 

to a sum of the input signal and the compensation 
signal of the precoder of the corresponding transmit 
ter; 

(b) a LMS Weight update ?lter, coupled to the compen 
sation signal of the precoder of the corresponding 
transmitter, is used to update the Weights of the cor 
responding echo canceler; 

(c) an IIR ?lter 

E’ 

where H(Z) represents the transfer function of the 
precoder Without the modulo device, coupled to the 
output of each echo canceler; 

(d) subtracting the output of the IIR ?lter 

W 

to generate an error signal; 
(e) ?ltering the error signal by an FIR ?lter H(Z), and 

using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the Echo can 
celer; 

(f) a plurality of FIR ?lters used as NEXT cancelers, 
each ?lter coupled to a sum of the input signal and the 
compensation signal of the precoder of the corre 
sponding near-end transmitter; 

(g) a plurality of LMS Weight update ?lters used to 
update the Weights of the corresponding NEXT can 
celers, each coupled to the compensation signal of the 
precoder of the corresponding near-end transmitter; 
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(h) An 11R ?lter 

1 

HAZ)’ 

Where Hl-(Z) represents the transfer function of the i-th 
near-end transmitter’s precoder Without the modulo 
device, each coupled to the output of each NEXT 
canceler; 

(i) subtracting the output of the BR ?lter to generate an 
error signal; 

(j) ?ltering the error signal by an FIR ?lter H(Z), and 
using this output for the corresponding LMS Weight 
update ?lter to update the Weight of the i-th NEXT 
canceler; 

(k) a decoder to equalize and decode the symbol using a 
modulo device. 

16. The transceiver in claim 13, Where each echo canceler 
is implemented using tWo Echo cancelers, one canceler 
coupled to an input signal, and another coupled to a compen 
sation signal, and then taking the sum of the outputs of these 
tWo cancelers, and Where each of the tWo cancelers is updated 
using the same Weight update ?lter 

17. The transceiver in claim 14, Where each NEXT canceler 
is implemented using tWo NEXT cancelers, one canceler 
coupled to a near-end input signal, and another coupled to a 
near-end compensation signal, and then taking the sum of the 
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outputs of these tWo cancelers, and Where each of the tWo 
cancelers is updated using the same Weight update ?lter 

18. The transceiver in claim 15, Where each Echo canceler 
is implemented using tWo Echo cancelers, one canceler 
coupled to an input signal, and another coupled to a compen 
sation signal, and then taking the sum of the outputs of these 
tWo cancelers, and Where each of the tWo cancelers is updated 
using the same Weight update ?lter for Echo cancellation; and 
Where each NEXT canceler is implemented using tWo NEXT 
cancelers, one canceler coupled to a near-end input signal, 
and another coupled to a near-end compensation signal, and 
then taking the sum of the outputs of these tWo cancelers, and 
Where each of the tWo cancelers is updated using the same 
Weight update ?lter for NEXT cancellation. 

19. The transceiver in claim 13 Where the precoder is a 
Tomlinson-Harashima precoder 

20. The transceiver in claim 14 Where the precoder is a 
Tomlinson-Harashima precoder 

21. The transceiver in claim 15 Where the precoder is a 
Tomlinson-Harashima precoder 

22. The transceiver in claim 13 is used in high-speed Eth 
ernet over multi-pair copper 

23. The transceiver in claim 14 is used in high-speed Eth 
ernet over multi-pair copper 

24. The transceiver in claim 15 is used in high-speed Eth 
ernet over multi-pair copper 

* * * * * 


